This work presents an approach in the establishment of a model for dynamic formation and operation of virtual organizations, devoted to the domain of urban transport of people, particularly in the demand-responsive transportation domain. This model adds flexibility in integrating new transportation operators, based on new business opportunities that can be observed during the operation of the transport service. Also, this approach provides mechanisms to assist in maintaining the required minimum levels of quality. A general schema based on Agent Technology that supports the proposed dynamic model is included.
Introduction
The current competitive market conditions make companies act efficiently and effectively to adequately satisfy their customers' needs, while complying with the legislation in this field of action. Among the alternatives that companies have to improve their competitiveness are quality certified processes, innovative marketing strategies, management systems, customer relations, among other initiatives. In this sense, one of the complementary ways companies have to overcome barriers to entry and / or survive in highly competitive markets is the formation of strategic alliances. These alliances allow the elaboration of joined-action plans based on the definition of common objectives for the participant organizations of the alliance. Thus, each participating organization focuses its efforts in the optimization of individual capacities and the maximization of its benefits, through a mutual collaboration with another organizations and the externalization of processes which have no direct relation to its particular line of business. Precisely in this ambit takes force the concept of virtual enterprise, which informally corresponds to a cooperation modality between enterprises, based on collaboration agreements among legally independent organizations, which while considering commons objectives, share resources, knowledge, infrastructure, among others. All this is supported by information technologies. Important aspects to consider in a virtual enterprise context are for example, to clearly define the alliance goals to achieve over time, because this allows selecting later the participant organizations within the alliance.
Furthermore, the time and conditions of staying inside the alliance is another crucial aspect, because in an essential sense, the cooperation is supported on a common understanding of business, plus the trust and the mutual responsibility in the achievement of the alliance success. A virtual enterprise is a temporal alliance of enterprises [2] . For this, the temporal continuity of this alliance is a very important aspect.
In another sense, in some countries of Europe, North America and Asia there have been carried out during the last thirty years various projects and studies devoted to optimize the use of resources and increase the quality of service in the passenger transportation domain [1] [3] [4] [5] [7] . The passenger transportation domain is a very important aspect in countries development, because this arises as consequence of the daily activities that people perform in diverse areas (production, education, recreational activities, among others), that is called System of Activities [6] . One specialized area in this context corresponds to the Demand-Responsive Transportation [7] that in simple terms seeks to adapt the available offer of transportation service to the level of observed demand, considering the particular objectives of the transportation service provider, and users of the transportation system.
This work presents a model of dynamic formation of virtual organizations devoted to
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the passenger transportation domain. This model considers the evaluation of the permanence of a transportation operator inside the transportation virtual enterprise, as well as the dynamic incorporation of new transportation operators, depending on the level of estimated transactions, operating conditions, availability of transportation operators, among other conditions. This model is mapped to a general schema based on Agent Technology. An agent will be understood according to what described by Weiss [19] : "An agent is a computer system that is situated in some environment, and that is capable of autonomous action in this environment in order to meet its design objectives". In this sense, the agent technology allows to add autonomy, delegation, cooperation and competition properties to IT solutions. Furthermore, it can provide distributed negotiation architectures for diverse domains such as transportation [10] and supply chain planning [22] among others.
The novelty of our work relies on: 1) the conceptualization of a flexible model of virtual organization, 2) the application of dynamism and control in the life-cycle of a virtual transportation enterprise as study case, and 3) the application of agent technology as first approach to implement a simulation software.
Related Work
Various initiatives have been observed in the field of virtual enterprises [14] [15] [13] [8] , to include only a few. In 2008, Folinas et. al. [14] suggested a conceptual framework for modelling business processes in virtual organizations through the introduction of Web Services technology. Web services can be facilitators for this type of business organizations and are particularly well suited to satisfy the needs arising in the dynamism of current markets. As the Internet reduces costs of interaction between organizations, partnerships between organizations is seen as a means to achieve economic benefits in the short term, and competitive advantage in the long run. That is why the interest in the creation of virtual organizations has increased.
In another sense, Petersen et. al. [16] proposed the use of software agents in the formation of virtual enterprises. The particular focus of the authors is the description of the partners' selection process and the services provided by each of them. The virtual enterprise partners are represented by software agents. The authors present the formation of a virtual enterprise in the context of an electronic marketplace, where several companies compete to become members of a virtual enterprise. Software agents and Web services are used as technological base. The purpose of this work is based on the understanding of a virtual enterprise from an organizational perspective. The emphasis is on ensuring that the proposal is not addressed by technology, but rather, is a combination of organizational design ideas and appropriate technologies.
Although the work of Petersen et. al. refers to the process of virtual enterprises' formation, the existing literature does not mention the virtual enterprises formation process targeted to the domain of passenger transportation in response to demand, and particularly, nor makes emphasis on the temporal continuity of the transportation operators that built up the network of companies. Mintzberg said [20] : "organizations are structured to capture and direct flow systems and to define the interrelationships between the various parties. These flows and relationships are not linear". In the context of urban passenger transportation under a virtual enterprise organizational scheme, the flexibility is crucial, because it is essential to frequently check the quality level of the service offered to the transportation system users, and implement all necessary initiatives to ensure the provision of a high-quality service.
This work represents a continuation of the work developed by Cabrera and Cubillos [10] , who proposed a software framework for the domain of urban transportation of people in a response to demand mode that used the concept of virtual enterprise as referential organizational model for the companies participating in the provision of transportation service. The virtual enterprise model considered was the one presented by Strader et al. [18] , a model of a generic life cycle for virtual enterprises, which was informally adapted to the domain of passenger transportation in response to demand.
Virtual Enterprises
Formally, a virtual enterprise corresponds to a cooperative network of legally independent companies, which come together quickly and mainly contribute their essential skills in order to exploit a specific business opportunity, for example, provide an expected service or product on the basis of a common understanding of the business [2] . The virtual enterprises are more than just a collaboration among organizations, because they integrate essential skills and special abilities of their members in order to respond quickly to the market, with the following distinct characteristics: the lack of geographical boundaries, no barriers to information (as they make strong use of information and telecommunication technologies), fluid capacity for partnership and cooperation, and appearance to clients as a single existing organization.
Strader et al. [18] defined four stages in the life cycle of a virtual enterprise: Identification, Formation, Operation and Term (see Figure 1 ). The identification phase involves recognizing business opportunities, evaluate and select the business opportunity. These decisions are made sequentially. Identification stage ends once you have selected the best business opportunity available in the market.
In the next phase, the most important decisions you make are, identification of partners, where it is necessary to identify potential partners and then make an assessment of them, and finally select the most appropriate, that will form a partnership between participating companies. The formation of the society implies an actual arrangement of these selected firms in the creation of the virtual organization.
Once the virtual organization is already formed, the operation phase begins. In the operation phase the most important decisions are taken, related to the following five functional areas: design, marketing, management, finance, manufacturing and distribution. When the market opportunity is already satisfied or has ceased to exist, the virtual organization is completed.
The main decision-making processes in the End stage include the completion of the transaction and the dispersion of assets.
It is important to note the sequence of the life cycle, in the sense that once the partners are selected, they must stay within the virtual enterprise until the End stage, completely ignoring any problems that may be made in the Operation phase of the business network life cycle which require a revision of the participating partner companies. Also, the operating stage may leverage on potential new business opportunities; however, the model of Strader et. al. [18] does not allow a natural return to the stage of identification, but is required to give completion to the phases of Operation and End, and then explore potential new business opportunities. This contradicts one of the pillars of the conceptualization of virtual enterprises: the principle of agility.
The fact that a virtual organization depends heavily on comparative advantages of the modelling of business processes, where it defines how is the interpretation of messages, documents and services that travel across participating organizations. This becomes important in markets with strong social connotations, such as urban transportation of people.
Urban Public Transportation
The urban transportation of people is a key issue in the daily work of individuals. Transportation emerged as a result of the activities that typically people perform (labour, educational, recreational and spare-time activities, among many others). That is why it is necessary to apply every effort in developing efficient and effective projects, aimed at solving the problems of urban transportation. Among the alternatives available for this purpose, there are conventional systems for urban transportation of people, which often are associated with the use of buses that follow fixed routes and schedules. Their main advantage, low cost, is also a great disadvantage since a low tariff for the transportation service makes the routes to offer a very low flexibility (as in the established schedules.) As a counterpart, there is the taxi service, in which high flexibility in routes and schedules is greatly overshadowed by the high cost of operating the system (which is charged to the users of taxi services).
Finally, it also exists a type of transportation system with characteristics in-between the two above cases, that is, greater flexibility in routes and schedules in comparison with the traditional public urban transportation of people, and on the other hand, a service with lower operating costs than the taxi service. This intermediate operation schema of urban transportation of people corresponds to the Demand-Responsive Transportation (DRT). Currently, many DRTS initiatives (Demand-Responsive Transportation System) are being carried out, mainly in Europe and North America.
There are many types of DRTS [12] . Most of them agree that the same users are those who specify the conditions of travel, that is, starting point of the trip (place of user pickup by a vehicle), destination (place where the passenger has suggested as end of his trip), start travel time, time of arrival at destination, among others. If users do not send trip requests, the transport system has mechanisms to reduce the impact of these on the overall costs of system operation, for example, reduce vehicles circulating in the area of coverage, reschedule trips in order to reduce vehicles, drivers and miles travelled among some others.
The architecture of the DRTS includes a Travel Dispatch Centre for the allocation of trips to the available vehicles, and a reservation system to manage user requests of the transportation system. In addition, onboard units in each vehicle directly support the work of scheduling and allocating of these trips on each vehicle. There are also required communication systems and equipment to connect the Travel Dispatch Center with drivers (for example, via GPS devices).
The operation of a DRTS is consistent with the Figure 2 , which shows a simplified process scheme of operation.
As the figure shows, a user of the transportation system in response to demand issues a request for transportation, which is hosted and managed by a transportation operator. A computer system belonging to the transportation operator is in charge of scheduling the travel request of the user within a travel itinerary. For doing so, a scheduling algorithm is used. The underlying problem of passenger transportation scheduling derivates from the Travelling Salesman Problem (TSP) and is a variant of the Pickup & Delivery Problem (PDP) called Dial-a-Ride Problem (DARP). All of them are known to be NP-hard, reason why heuristics and meta-heuristics are used instead of exact methods, such as greedy algorithms, genetic algorithms [9] , among other techniques. Each vehicle belonging to the fleet of vehicles from the transportation operator has a unique itinerary of travel. Depending on the conditions the itinerary of each vehicle, and the particular requirements of the user of the system, diverse travel suggestions are made.
The user can accept a proposed trip (confirming the reservation service), or may not accept it and may request a rescheduling of the travel or decline the order otherwise. The proposals' selection process for travel generated by the different transportation operators belonging to a network of transportation companies (as a virtual enterprise) has been studied and presented by Cabrera and Cubillos [10] .
However, an aspect not yet studied in depth corresponds to the process of formation of the virtual transportation enterprises, and above all, the administration of the conditions of keeping such transportation operators in the transportation virtual enterprise. In the same sense, it has not been studied how technology can assist in this regard.
Model for Dynamic Formation and Operation of Virtual Organizations
The formation process of a passenger transportation virtual enterprise must be substantiated in some key aspects, such as: transportation demand estimation (considering population size, availability of private cars, percapita income, among other variables), and the Figure 2 . Simplified process of operating a DRT system. availability of transportation operators who are prepared to meet this demand for service. Also, it is also necessary to check the continuity conditions of the virtual transportation business. To do this, a reference model is required that allows managing the training process and checks the continuity of its operation (see Figure 3) . The above figure represents an ad-hoc adaptation of the life cycle model of a virtual enterprise presented by Strader et al. [18] . This paper proposes a model particularly oriented to the passenger transportation in response to demand. Note that the model adopted in this paper builds on an organizational scheme proposed by Speier et al. [17] , called Central or Satellite model, where the central partner (in this case, a larger transportation operator) represents the greatest interest in the formation of a virtual company business. In the model of Speier et al. is highlighted the continued evaluation of the companies participating in the virtual network carried out by the central partner.
Referring to the proposed model, the first phase, called Management of Business Opportunities, is devoted to identifying and evaluating new business opportunities. A possible example of business opportunity is represented by the opening of a new transportation service for a geographical area with no service coverage up to that moment.
Once the best business opportunities available have been identified, it gives way to the next stage: Formation Management of the Virtual Transportation Enterprise. This second phase aims at identifying the best partners for the conformation of a transportation operator [YES]
[NO]
[YES]
[New business opportunity]
[YES] company. The acceptance of a new transportation operator partner is the implementation of a sub-process: Verification of Requirements Compliance. These requirements are regarding to the fulfilment of legal regulations in the operation of the transportation system (for example, compliance with labour laws), verification of internal policies within the network of transportation companies (for example, the existence of a minimum number of vehicles from a transportation operator's fleet), and estimates of potential additional contributions to the network of businesses by the candidate transportation operator. If these requirements are satisfied, the candidate transportation operator is integrated into the network of transportation operators. The process of identification and study of new transportation operators is executed until it is not longer necessary.
Once the operational capacity to satisfy the demand for transportation service has been made available, the third phase begins: Operation of the Virtual Transportation Enterprise. The sub-process Normal Service Operation is executed until a problem is identified in the operation. This makes continuously the checking of the conditions of operation. When the disadvantages associated with a particular transportation operator are repeatedly observed, the permanence of it is reviewed; in the three areas identified in Phase 2: compliance with legal regulations, verification of internal policies, and study of contributions to the network transportation companies. This review may result, for example, in a possible penalization of those transportation operators who do not offer a transportation service of quality, indirectly harming the rest of other transportation operators participating in the virtual enterprise.
Within the service quality metrics applied to the transportation operators the following can be found: service cost paid by users of the system associated to any transportation operator in particular, the number of vehicles provided by a transportation operator, number of passengers carried per vehicle, length of service (total travel duration for a passenger), the most important.
It is also possible that, in the Operation Phase of the Virtual Transportation Enterprise, a decline in the general conditions of operation of the system can be displayed and this will be conducive to a dissolution of the enterprise network. As a virtual company is not a fusion of enterprises, this solution only represents a breakthrough in collaborative work. Furthermore, it is also possible that during the operation of a Virtual Transportation Enterprise to identify new business opportunities. If such is the case, the necessary mechanisms are activated at the stage of Business Opportunities Management, along with the accordingly flow.
The Figure 4 shows a general schema based on agent technology for supporting a dynamic model for the formation and operation of a virtual transportation enterprise, in specific, for a demand-responsive modality (a DRTSystem). The general schema includes five agents, which are described in the following:
BODetector (BusinessDetector): Agent to recognize, classify and prioritize business opportunities for the virtual transportation enterprise. The following are within its scope: the estimation of the demand; the classification of the opportunities based on collect revenue, operating conditions, risk, and competition, among others.
It may also point out the business opportunities that benefit in the best way to the transportation virtual enterprise.
PartnerIdentificator: Its mission is to develop the profile of new members (new transportation operators) to be incorporated into the transportation virtual enterprise. This profile of new partners is developed considering the guidelines established by the BODetector agent, regarding the business opportunities identified and prioritized.
PartnerValidator: This agent must check the background of a new transportation operator before its incorporation into the virtual transportation enterprise. In relation to Figure  3 , this agent performs the process of "Verifying Requirements Compliance ".
FeasibilityController: This agent is responsible for verifying the sustainability of the operation of the transportation service. The conditions estimated by the BODetector agent are checked, in order to determine the feasibility of continuing with the normal operation of the virtual transportation enterprise. Failure in the achievement of the minimum standards of operation (for example, the existence of a number of requests per time unit), activates the dissolution of the virtual enterprise.
OperationManager: This agent manages the normal operation in the provision of the transportation service. Looking at special conditions in the operation, the agent sends information to the BODetector agent. With such objective this agent determines the existence of potential business opportunities. It also notices problems with the transportation operation, the OperationManager agent sends information to the FeasibilityController agent, so that the agent may check the feasibility to continue with the transportation operation, or whether it is advisable to examine in detail the service offered by a particular transportation operator, or even to activate the mechanisms of dissolution of the virtual company of transportation.
Conclusion
An approach towards a dynamic model for the conformation and operation of virtual organizations applied to case study of urban public transportation has been achieved. The proposed model incorporates flexibility in adding new operators, based on new business opportunities identified during the operation of the service. Also, the permanent revision allows the permanence of transportation operators within the coalition based on the quality of service they offer.
Additionally, technology allows lower hierarchical levels, particularly in the middle, so it generates mutual adjustment mechanisms, which adds dynamism to any structure, but these structures are complex.
Future work is bound mainly to the revision of this model and its practical implementation for the refinement of its processes and components. Currently, a parallel work is devoted to provide a mechanism and infrastructure for allowing a given Multiagent System (MAS) to become open, enabling the incorporation of newly incoming agents to participate within the existing society [21] .
